Abstract This report presents a case of atlanto-axial subluxation after treatment of pyogenic spondylitis of the atlanto-occipital joint. A 60-year-old male had 1-month history of neck pain with fever. Magnetic resonance imaging showed inflammation around the odontoid process. Intravenous antibiotic therapy was administrated immediately. After 6 weeks, CRP had returned almost to normal. After 4 months, laboratory data was still normal, but the patient experienced increasing neck pain. Lateral cervical radiography in the neutral position showed instability between C1 and C2. Computed tomography showed a bony union of the atlanto-occipital joint and severe destruction of the atlanto-axial joint on the left side. Transarticular screw fixation for the atlanto-axial joint was performed. A lateral cervical radiograph in the neutral position after surgery showed a solid bony union. Neck pain improved following surgery. We speculate that spondylitis of the atlanto-occipital joint induced a loosening of the transverse ligament and articulation of the atlanto-axial joint. A bony fusion of the atlanto-occipital joint after antibiotic treatment resolved the pyogenic inflammation concentrated stress to the damaged atlanto-axial joint, resulting in further damage. The atlanto-axial instability was finally managed by the insertion of a transarticular screw.
Introduction
Pyogenic spondylitis of the cervical spine is less common than that of the thoracic or lumbar spine. Malawski et al. [1] reported that the cervical spine is affected in 5.9% of cases, with involvement of the upper cervical spine seen in only 0.7% of all cases. This report presents a case of atlanto-axial subluxation after the successful treatment of pyogenic spondylitis of the atlanto-occipital joint.
Case report
A 60-year-old male had a 1-month history of neck pain with fever. The patient also had diabetes mellitus, which had been poorly controlled. The patient had previously been admitted to another hospital, where his neurological status was found to be normal. His C-reactive protein (CRP) was 6.5 mg/dL, and his leukocyte count was 15,300/lL. Magnetic resonance imaging (MRI) showed inflammation around the odontoid process (Fig. 1a, b) . Intravenous antibiotics were administrated immediately, and a Philadelphia brace was implemented. After 6 weeks, the patient's CRP had returned close to getting normal, however, his neck pain continued. Lateral cervical radiography in flexion position showed enlargement of the atlanto-dental interval (Fig. 2) . After 4 months, the abscess around the odontoid process had clearly disappeared when examined by MRI (Fig. 3a, b) . In addition, laboratory data were normal. However, the patient continued to have increasing neck pain. Lateral cervical radiography in the neutral position showed increased instability between C1 and C2 (Fig. 4) , precipitating his being transferred to our hospital.
The patient's erythrocyte sedimentation rate (ESR) was 20 mm/h, his C-reactive protein (CRP) was 0.1 mg/dL, and his leukocyte count was 5,900/lL. Computed tomography (CT) showed a bony union of the atlantooccipital joint and severe destruction of the atlanto-axial joint on the left side, although the joint space of each joint on the right side was maintained (Fig. 5a, b) . Surgical intervention was indicted for this patient because severe displacement between the atlas and axis was clearly demonstrated, and the patient continued to have severe neck pain. Transarticular screw fixation for the atlanto-axial joint was performed. A lateral cervical radiograph in the neutral position 1 year after surgery showed a solid bony union (Fig. 6a) . A sagittal reconstruction image on CT clearly demonstrated the fusion of the atlanto-axial joint itself (Fig. 6b, c) . The patient's neck pain improved following the surgery.
Discussion
There have been a few reported cases of pyogenic osteomyelitis of the occipito-cervical junction. For example, Zigler et al. [2] reported five cases of pyogenic osteomyelitis of the occipito-cervical junction that required surgical intervention, and noted that those cases consisted of 1 case that required a transoral biopsy and posterior occipito-C3 arthrodesis, 1 case that needed anterior drainage and posterior occipito-C4 arthrodesis, 1 case that needed anterior drainage, 1 case that needed posterior occipito-C2 arthrodesis, and 1 case that required a C1-2 arthrodesis. Spies et al. [3] reported 3 cases of pyogenic osteomyelitis In the present case, the treatment of the pyogenic inflammation with intravenous antibiotics and external fixation were the first steps taken after ascertaining that the patient's neurologic status was normal. However, after resolution of the inflammation, the patient's neck pain continued, and mild instability between C1 and C2 was demonstrated. Stein et al. [4] and Washington et al. [5] noted that osteomyelitis of the atlanto-occipito joint can induce loosening of the transverse ligament and articulation of the atlanto-axial joint. We speculated that this mechanism occurred in our patient, and in confirmation, severe destruction of the atlanto-axial joint was demonstrated in CT images. Furthermore, we also speculated that bony fusion of the atlanto-occipital joint after treatment of pyogenic inflammation concentrated stress on the damaged atlanto-axial joint, finally resulting in atlanto-axial instability. Spies et al. [3] reported a case that demonstrated destruction of the atlanto-axial and atlanto-occipital joints on one side; however, surgical intervention was not selected for their patient. As a result, it may be possible to treat such cases without surgery, but we suggest that careful observation of the patient is needed to determine whether surgery should be performed. In addition, our case and the limited data published by other investigators indicate that special attention should be paid to patient pain and mobility 
